The reduced risk of epithelial ovarian cancer associated with parity and oral contraceptive use suggests that pituitary and/or ovarian hormones or ovulatory events are important in the aetiology of these tumours (Cramer, 1986) . Nevertheless, despite extensive study, the influence of menstrual and reproductive factors, with the exception of parity, remains uncertain. In this report, we evaluate menstrual and reproductive characteristics in relation to ovarian cancer risk overall, and in relation to the major tumour histologic subtypes. Our findings are considered in light of several current hypotheses regarding ovarian cancer pathogenesis. Briefly, the incessant ovulation hypothesis suggests that risk is increased by chronic post-ovulatory trauma to the epithelial surface of the ovary, and the tendency to form inclusion cysts (Fathalla, 1971; Casagrande et al, 1979) . The gonadotrophin hypothesis proposes that excessive gonadotropin secretion and consequent increases in oestrogen stimulation lead to proliferation and malignant transformation of ovarian epithelium . More recent hypotheses have suggested a role for chronic ovarian inflammation (Ness, 1999) , androgens and progesterone (Risch, 1998) , and the possibility that pregnancies reduce risk by clearing transforming cells from the ovaries (ovarian clearance) (Adami et al, 1994) .
The reduced risk of epithelial ovarian cancer associated with parity and oral contraceptive use suggests that pituitary and/or ovarian hormones or ovulatory events are important in the aetiology of these tumours (Cramer, 1986) . Nevertheless, despite extensive study, the influence of menstrual and reproductive factors, with the exception of parity, remains uncertain. In this report, we evaluate menstrual and reproductive characteristics in relation to ovarian cancer risk overall, and in relation to the major tumour histologic subtypes. Our findings are considered in light of several current hypotheses regarding ovarian cancer pathogenesis. Briefly, the incessant ovulation hypothesis suggests that risk is increased by chronic post-ovulatory trauma to the epithelial surface of the ovary, and the tendency to form inclusion cysts (Fathalla, 1971; Casagrande et al, 1979) . The gonadotrophin hypothesis proposes that excessive gonadotropin secretion and consequent increases in oestrogen stimulation lead to proliferation and malignant transformation of ovarian epithelium . More recent hypotheses have suggested a role for chronic ovarian inflammation (Ness, 1999) , androgens and progesterone (Risch, 1998) , and the possibility that pregnancies reduce risk by clearing transforming cells from the ovaries (ovarian clearance) (Adami et al, 1994) .
METHODS
We conducted a population-based, case-control study of epithelial ovarian cancer in eastern Massachusetts (MA) and New Hampshire (NH). The methods used have been previously described Harlow et al, 1998) . Briefly, 1033 potentially eligible case women (ages 20 to 74) were ascertained between May 1992 and March 1997 through state-wide cancer registries (NH, MA) and hospital tumour boards (MA). After exclusion of patients who had nonepithelial tumours (n = 52), and those who had died (n = 91), moved out of state (n = 27), had no telephone (n = 24), or did not speak English (n = 14), 825 case women were eligible for the study. Physicians denied permission to contact 126 (14%) of these women, and 136 (16%) of women declined to participate. This analysis is based on 563 cases of epithelial ovarian cancer, including lesions of borderline malignancy.
Control women were identified primarily by random digit dialing (RDD) (Waksberg, 1978) , and matched to case women by age (within 4 years) and telephone sampling unit. Of approximately 5400 residential households contacted, 10% declined to provide a household census, and 80% provided a census, but lacked a potentially eligible control subject. In the remaining 10% of households, a potentially eligible control was identified. 72% of the potential control women agreed to participate in the study. In MA, control women of age 60 or older were randomly chosen from Town Books, and matched to case women by age and precinct. Of 328 control women selected from Town Books, 21% could not be reached, 18% were ineligible, and 30% declined to participate. Women who reported a bilateral oophorectomy were ineligible for participation. The present analyses are based on a total of 523 RDD and Town Book control women. We conducted in-person interviews at the homes of case and control study participants. The questionnaire elicited demographic characteristics, lifestyle factors, dietary patterns, menstrual and reproductive history, and personal and family medical history. Reproductive variables of interest included parity, age at first birth, age at last birth, time elapsed since the last birth, total number of childbearing years (time elapsed between the first and last birth), and breast-feeding (ever/never, average duration in months per breast-fed child). We also evaluated specific birth outcomes, including abortion, miscarriage, stillbirth, preterm singleton live birth, full term singleton live birth, and twin birth in relation to ovarian cancer risk. Menstrual factors of interest were age at menarche, age at natural menopause, the number of months elapsed from menarche until menstrual cycle regularization (cycles predictable within 10 days), usual menstrual cycle length in days, usual number of days of menstrual bleeding, usual amount of menstrual bleeding, and sanitary products usually used between ages 20 and 40 (tampons, napkins). We evaluated menstrual symptoms, including usual level of menstrual pain/cramping, tension/mood swings, depression/inability to cope, sweats/hot flashes, headaches, insomnia, weight gain/bloating/swelling, back aches/muscle or joint pain, and breast pain, in relation to risk. Menstrual and reproductive factors were also assessed (using dichotomous cutpoints) in relation to the major tumour histologic subtypes (serous borderline, serous invasive, mucinous, and endometrioid/clear cell). In general, tumour type was determined by a review of the pathology report; for ambiguous diagnoses (5%), we obtained microscopy slides for review by our study pathologist.
We used unconditional logistic regression models to generate odds ratios and 95% confidence intervals for risk factors in relation to ovarian cancer occurrence, and in relation to the major tumour histologic subtypes (Breslow and Day, 1980) . Variables were treated as continuous in likelihood ratio tests of linear trend when appropriate. The analyses considered only the exposures occurring prior to the date of diagnosis for case women and one year prior to interview for control women. We found no evidence of confounding by education, body mass index (kg/m 2 ), marital status, religion, family history of ovarian or breast cancer (in mother or sisters), history of infertility (unable to conceive for ≥2 years), history of tubal ligation, perineal talc use, or oral contraceptive use. We have therefore mainly presented results adjusted for age, state (MA, NH), and parity (0, 1, 2, 3, 4, ≥5). The analyses of twin births and adverse birth outcomes were adjusted for age, state, and the number of full term singleton live births (0, 1, 2, -≥3). Stratified analyses, generally adjusted for age, state and parity, were undertaken to evaluate potential effect modification by menopausal status (premenopausal, postmenopausal) , and by oral contraceptive use (never, ever). Likelihood ratio tests were used to examine the statistical significance of interactions. Women with unknown menopausal status (n = 171) were excluded from the analyses of age at menopause in relation to ovarian cancer risk, and from the analyses stratified by menopausal status.
RESULTS
Case women were less likely than control women to have ever married, and more likely to report a family history of ovarian cancer (Table 1) ; they also reported lower levels of education, and less use of oral contraceptives.
Relative to nulliparous women, parous women had a statistically significant reduction of ovarian cancer risk (OR = 0.4; 95% CI = 0.3-0.6) ( Table 2) . Among parous women, increased parity was inversely associated with risk (P for trend = 0.0006). Women with one birth had a 40% reduced risk; risk was reduced by 80% for those with 5 or more births.
In an analysis restricted to parous women, ovarian cancer risk decreased significantly with increasing age at first birth (P for trend = 0.03) ( Table 2 ). The finding pertained to uniparous women, and to women who had at least two births (data not shown). Stratified analyses indicated that the lower risk associated with later age at first birth (≥25 vs. <25 years) was observed only in women who had used oral contraceptives, and in those whose ovarian cancer occurred before menopause; the statistical tests for interaction with oral contraceptive use (P = 0.05) and menopausal status (P = 0.002) were both significant. Further analyses indicated that the association between later age at first birth and reduced risk was confined to women who had used oral contraceptives and whose ovarian cancer was diagnosed before menopause (OR = 0.4; 95% CI = 0.2-0.7). Because of small numbers, we were unable to determine whether the reduced risk was more pronounced in women who had used oral contraceptives before their first birth, but the duration of oral contraceptive use was not correlated with age at first birth (r = Ϫ0.04; P = 0.46). Risk decreased significantly with increasing age at last birth (P for trend = 0.05) ( Table 2 ). However, relative to a last birth between ages 25-29, there was no additional benefit associated with a last birth at age 30 or later. Among women with at least two births, age at first and last birth were moderately correlated (r = 0.53, P < 0.001), and neither factor was significantly related to ovarian cancer risk when mutually adjusted. Risk increased with a related factor, the amount of time elapsed since the last birth (P for trend = 0.04). There was no evidence that the total number of childbearing years was related to risk (for each year, OR = 1.00; 95% CI = 0.95-1.05).
Among women with at least one live birth, ever having breastfed was associated with a statistically significant reduction in risk (OR = 0.7; 95% CI = 0.5-1.0) ( Table 2 ). Breast-feeding for an average of 3-6 months, compared to never breast-feeding, was associated with a 30% decreased risk (OR = 0.7; 95% CI = 0.5-1.1). There was no additional benefit with a longer average duration of breast-feeding, and the test for trend was nonsignificant (P = 0.21). The total duration of breast-feeding was also unrelated to risk (P for trend = 0.34).
Most adverse pregnancy outcomes, including abortion, miscarriage, and stillbirth were unrelated to risk, although power was limited to evaluate the stillbirths (Table 3) . A history of either a preterm (OR = 0.7; 95% CI = 0.4-1.0) or full-term singleton live birth (OR = 0.4; 95% CI = 0.3-0.6) was associated with a reduced risk. A history of twin birth appeared to be associated with decreased risk (OR = 0.6; 95% CI = 0.3-1.2), but the finding was not statistically significant. The findings in Table 3 were unchanged when further adjusted for all other birth outcomes, and when the analyses were restricted to gravid women (data not shown).
We also evaluated menstrual factors in relation to ovarian cancer risk. Menarcheal age was unrelated to risk overall (P for trend = 0.38), although menarche at age 16 or more, relative to age 13, appeared to be associated with a decreased risk (Table 4 ). Age at menarche was inversely associated with risk among premenopausal women (P for trend = 0.02), and the interaction between menopausal status and menarcheal age was statistically significant (P = 0.002). Among premenopausal women, menarche at age 16 years or more, relative to before age 16, was associated with a marginally significant reduced risk (OR = 0.5; 95% CI = 0.2-1.0). Age at natural menopause was not related to ovarian cancer risk (P for trend = 0.71).
The amount of time elapsed between menarche and menstrual cycle regularization (P for trend = 0.65), menstrual cycle length (P for trend = 0.44), the number of days of menstrual bleeding (P for trend = 0.55), and the amount of menstrual bleeding (P for trend = 0.50) were unrelated to ovarian cancer risk (Table 4) . We also found no indication that risk was influenced by the type of sanitary product used during menstruation.
Most menstrual symptoms were unrelated to risk (Table 5 ), but cycle-related insomnia was associated with a significantly decreased risk (OR = 0.5; 95% CI = 0.3-0.8).
We examined key reproductive and menstrual factors (using dichotomous cutpoints) in relation to the major histologic subtypes (Table 6 ). Parous women, compared to nulliparous women, had a strong (60%) and significantly reduced risk of all the tumour subtypes. Increasing parity was significantly associated with reduced risk of serous invasive (P for trend = 0.003) and endometrioid/clear cell tumours (P for trend = 0.002). An apparent inverse association between parity and serous borderline tumours (data not shown) was not statistically significant. There was no evidence, among parous women, that increasing parity was associated with risk of mucinous tumours.
Relative to a first birth before age 25, a first birth at a later age was associated with a significant (60%) reduced risk of serous borderline tumours, and a marginally significant (40%) decreased risk of endometrioid/clear cell tumours; increasing age at first birth was significantly associated with a decreased risk of these tumour types (Table 6) . Increasing age at last birth was significantly associated with decreased risk of endometrioid/clear cell tumours (P for trend = 0.0009). Ever having breast-fed was associated with a significant (60%) reduction in risk of endometrioid/clear cell tumours; risk of this subtype also decreased with a longer average duration of breast-feeding (P for trend = 0.04). Breast-feeding was not related to risk of the other subtypes.
Menarche at age 16 or later, relative to before age 16, was associated with a significant (90%) decreased risk of endometrioid/clear cell tumours, but there was no evidence of linear trend, and menarcheal age was unrelated to other tumour subtypes. Age at menopause was not associated with risk of any tumour subtype. 1.9 (0.5-7.6) 0.9 (0.6-1.5) 1.8 (0.7-4.6) 0.9 (0.5-1. 
DISCUSSION
The strong and consistently observed risk reduction associated with parity provides, in part, the basis of most hypotheses regarding ovarian pathogenesis. It has been shown, however, that interruption of ovulation during pregnancy, lactation, and oral contraceptive use is inadequate to account for the magnitude of the observed decrease in ovarian cancer risk (Risch et al, 1983) ; similarly, it seems unlikely that the suspension of ovulation-induced inflammation or changes in hormone levels would fully account for the observed risk reduction. Moreover, none of the existing hypotheses adequately explains the substantial reduction of risk associated with one birth event. A full or near-term pregnancy may induce a permanent change in pituitary-mediated hormonal production, or cause a decidual reaction that decreases the susceptibility of the ovarian and pelvic surface epithelium to malignant transformation (Cramer, 1999) . In this study, late age at first birth was associated with reduced risk, although the effect was observed only in women who had used oral contraceptives and whose ovarian cancer was diagnosed before menopause. A few previous studies (Purdie et al, 1995) , including the collaborative analysis of 12 population-based studies (Whittemore et al, 1992) also noted an inverse relationship between age at first birth and risk, but most found no association (for example, Risch et al, 1994) , or an increased risk (for example, Negri et al, 1991) . In contrast to previous studies (Risch et al, 1994; Salazar-Martinez et al, 1999) , we also found a significant association between increasing age at last birth and reduced risk. Our evaluation of a related variable, the number of years since last birth, showed that risk increased with greater time elapsed since the woman's last birth. In contrast to a previous study (Godard et al, 1998) , we found no evidence that the total number of childbearing years was associated with ovarian cancer risk.
Menstrual cycles occurring between ages 25 and 39 are most likely to be ovulatory (Harlow and Ephross, 1995) , and pregnancies occurring between these ages have a greater potential to interrupt ovulatory cycles. Thus, our observation of reduced risk associated with later ages at first or last birth provides some support for hypotheses regarding incessant ovulation or ovarian inflammation. Pituitary secretion of gonadotropins generally increases during adulthood, but decreases during pregnancy; thus, the protective effects of later childbirth are also consistent with the gonadotropin hypothesis. The decreasing risk associated with later age at last birth is also consistent with the ovarian clearance hypothesis, and in particular with the notion that the protective 'clearance' effect of pregnancy is greater in older women, who are more likely to have premalignant ovarian epithelial cells (Adami et al, 1994) .
Our finding that adverse birth outcomes, including pregnancy losses, were not significantly associated with ovarian cancer risk is consistent with most (for example, Hartge et al, 1989; Chen et al, 1992; Polychronopoulou et al, 1993) , but not all previous studies (for example, Whittemore et al, 1988; Negri et al, 1991) . The reduced risk observed in association with preterm, full term, or twin births is consistent with the protective effect of parity. Gonadotropins are generally higher among the mothers of dizygotic twins, relative to mothers of singletons (Thomas et al, 1998 ), but we were unable to distinguish dizygotic from monozygotic twin births.
In this study, and in most previous reports (Gwinn et al, 1990; Rosenblatt et al, 1993; Whittemore, 1993) , breast-feeding was associated with reduced risk. Consistent with some previous studies (Rosenblatt et al, 1993; Whittemore, 1993; SalazarMartinez et al, 1999) , but not all (Gwinn et al, 1990) , we found no relation between risk and duration of breast-feeding. Ovulatory cycles may resume in conjunction with supplemental feedings after the first few months of breast-feeding, perhaps accounting for the absence of a dose-response relationship. The reduction of risk associated with breast-feeding is consistent with hypotheses regarding incessant ovulation or ovarian inflammation, and with the hypothesis regarding gonadotropin secretion, which is slowed during breastfeeding (Harlow and Ephross, 1995) .
We found little evidence that menstrual factors or symptoms, which may reflect ovulatory function and/or hormonal milieu, influence ovarian cancer risk. In this study, consistent with most previous studies (for example, Franceschi et al, 1991; Chen et al, 1992; Whittemore et al, 1992; Hankinson et al, 1995; Purdie et al, 1995; Salazar-Martinez, 1999) , menarcheal age was unrelated to risk overall. However, our findings indicated that increasing age at menarche was associated with reduced risk among premenopausal women; similarly, at least two previous studies have found a stronger association between late menarcheal age and reduced risk among younger women (Parazzini et al, 1989; Whittemore, 1993) . These findings may reflect the better recall of menarcheal age among younger/premenopausal women, although age at menarche is reported with reasonably good accuracy (Bean et al, 1979) . Early menarche is associated with a more rapid onset of ovulatory cycles, and with the tendency to sustain higher levels of luteal phase estradiol and progesterone (Vihko and Apter, 1984) . Thus, a protective effect of late menarche, observed here in premenopausal women, is consistent with hypotheses regarding incessant ovulation (Fathalla, 1971; Casagrande et al, 1979) and ovarian inflammation (Ness and Cottreau, 1999) , but inconsistent with the hypothesis that higher levels of progesterone are associated with reduced risk (Risch, 1998) . Similar to most previous reports (for example, Hartge et al, 1988; Chen et al, 1992) , we found no evidence of an association between age at natural menopause and ovarian cancer risk. The lack of an association between risk and age at natural menopause, which is recalled with reasonable accuracy (Bean et al, 1979) , reduces the plausibility of hypotheses involving ovulatory events, or ovulation-associated ovarian inflammation.
In this study, as in most previous studies (Cramer et al, Chen 1983; Purdie et al, 1995) , ovarian cancer risk was not influenced by patterns or characteristics of the menstrual cycle. Although one previous study suggested an association between heavier menstrual bleeding and increased risk (Purdie et al, 1995) , we found no effect for the duration or the heaviness of menstrual bleeding. While our results suggest that cycle characteristics are unrelated to risk, such factors are poorly recalled (Bean et al, 1979; Harlow and Ephross, 1995) , and errors of self-report may have attenuated underlying effects. In our data, there was no association between the type of sanitary product used during menstruation and ovarian cancer risk.
In this study, consistent with previous reports McGowan et al, 1988; Chen et al, 1992; Purdie et al, 1995) , menstrual symptoms were largely unrelated to ovarian cancer risk. However, we found preliminary evidence of reduced risk associated with insomnia occurring in conjunction with the menstrual cycle, which to our knowledge has not been previously reported. Oestrogen levels are likely to be lower, on average, in women who experience insomnia (Empson and Purdie, 1999) . Thus, our finding of decreased risk associated with insomnia, while preliminary, may reflect disparate hormonal milieus for case and control women.
Because of the large size of our study, we were able to evaluate menstrual and reproductive factors in relation to the major tumour histologic subtypes. Risk of all the tumour histologic subtypes was uniformly reduced for parous women, relative to nulliparas. However, we found no evidence that increasing parity was associated with decreased risk of mucinous tumours, whereas significant inverse trends were observed for serous invasive and endometrioid/clear cell tumours. Similar results were found in a case-control study conducted in Canada (Risch, 1996) , and in a retrospective cohort study conducted in Norway (Kvale et al, 1988) .
Our tumour subtype analyses showed that the influence of age at first birth was limited to serous borderline and endometrioid/clear cell tumours; age at last birth was associated only with endometrioid/clear cell tumours. No effects of age at first birth on risk of the tumour subtypes were observed in the Norwegian or the Canadian study. In our study, breast-feeding and average duration of breast-feeding were significantly associated only with endometrioid/clear cell tumours. In the Canadian study, the association between duration of breast-feeding and risk of endometrioid tumours was marginally significant, whereas a significant relationship was noted for serous invasive tumours (Risch, 1996) . Breast-feeding was not evaluated in the Norwegian study.
In our data, increased age at menarche was not associated with decreased risk of any of the tumour subtypes. However, a menarcheal age of 16 years or more was associated with a dramatic reduction in risk of endometrioid/clear cell tumours. Menstrual factors were not assessed in the Canadian study, but the Norwegian study found significant effects for menarcheal age of 17 or more in relation to mucinous tumours. Consistent with the results of the Norwegian study (Kvale et al, 1988) , we found no evidence that natural menopause was associated with any of the tumour subtypes.
